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THE EVALUATION AND TREATMENT OF 
TROCHLEAR DYSPLASIA 
DANIEL HOWARD 
ABSTRACT 
 Patellofemoral instability is a difficult condition to treat, owing to the complex 
anatomy of the patellofemoral joint. The bony structures of the patellofemoral joint 
include the patella, the largest sesamoid bone in the human body, and the femoral 
trochlear, a cartilaginous groove at the distal end of the femur in which the patella slides 
during knee flexion. Many contributing factors have been identified in patients with 
recurrent patellofemoral instability, but dysplasia of the trochlear groove has been 
established as the most significant with it identified in 85% of patients with 
patellofemoral instability.  
 Despite ample evidence of trochlear dysplasia’s impact on patellofemoral 
instability, little consensus has been reached on both the evaluation and treatment of 
trochlear dysplasia. Some of the patient-reported outcome measures commonly 
implemented in studies of patellofemoral instability interventions have recently fallen 
into question, with newer measures proposed to better capture the nature of the condition. 
One surgical procedure that has received attention in the past couple of decades is 
trochleoplasty, which involves reshaping the dysplastic trochlear groove to a more 
physiological anatomy. This would seem to be the most logical solution in the treatment 
of trochlear dysplasia, but it is relatively under-researched and avoided with many 
surgeons citing the technical difficulty of the procedure. This review intends to evaluate 
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the assessments and treatments applied to patients with patellofemoral instability due to 
trochlear dysplasia and consider trochleoplasty as an appropriate primary surgical 
treatment.  
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INTRODUCTION 
  
The anatomy and function of the patellofemoral joint is complex, which leads to a 
multitude of contributing factors in patellofemoral instability. During normal knee 
flexion, the patella remains in contact with the femoral trochlea, a groove at the distal end 
of the femur. In the unstable patellofemoral joint, the patella does not track correctly 
within the femoral trochlea during knee flexion or easily dislocates/subluxes (H. Dejour, 
Walch, Nove-Josserand, & Guier, 1994). Common mechanisms for injury and/or pain 
include lateral patellar subluxation following traumatic injury and long-term articular 
degeneration (M Tscholl, P Koch, & F Fucentese, 2013). What makes this condition even 
more problematic is that individuals with a prior history of dislocation/subluxation have a 
much higher risk (6.6 times) of a repeated episode (Fithian et al., 2004). Though there is 
ample literature available on patellofemoral pathology, little consensus has been reached 
on a standardized, objective algorithm by which to consider patients for surgical 
treatment. Further complicating the matter is the inconsistency in the techniques used to 
treat and report patient outcomes. Trochlear dysplasia (TD) has been established as a 
significant factor in recurring patellar instability and will be evaluated in this thesis along 
with the tools used to assess interventions.  
 
Patellofemoral Anatomy and Function 
The patellofemoral joint is formed by the patella (kneecap) and the distal end of 
the femur, known as the trochlea. Part of what makes this joint unique is that the patella 
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is the largest sesamoid bone in the human body, meaning that it is imbedded within a 
tendon (Tecklenburg, Dejour, Hoser, & Fink, 2006). The proximal pole of the patella 
attaches to the quadriceps tendon while the distal pole attaches to the patellar tendon, 
which inserts at the tibial tubercle of the proximal tibia (see Figure 1). Guillen-Garcia et 
al. (2014). describes the function of the joint as a reflection pulley through the flexo-
extension movement of the knee. That is, the patella increases the moment arm of the 
patellar tendon and improves the ability of the quadriceps muscle to extend the knee joint 
(Tecklenburg et al., 2006). The medial patellofemoral ligament (MPFL) attaches the 
superomedial patella to the medial epicondyle of the femur (see Figure 2), and is the most 
significant soft tissue restraint of lateral patellar movement during the first 30 degrees of 
knee flexion (Smirk & Morris, 2003). Medial and lateral retinaculum tissue further 
contribute to maintaining the central position of the patella with respect to the knee 
(Petrera, Dwyer, & Gobbi, 2014).  
The trochlea is comprised of the lateral and medial facets of the femoral sulcus, 
forming a groove in which the patella slides during knee flexion (Tecklenburg et al., 
2006). This groove, covered in articular cartilage, has a complex geometry and deepens 
from proximal to distal (Petrera et al., 2014).  
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Figure 1: Bone and Ligament Structures of the Knee. The proximal-distal ligamentous 
attachments of the patella include the quadriceps tendon at the proximal pole and the 
patellar tendon at the distal pole. Figure taken from (Mysid, 2011). 
 
 
 
Figure 2: Illustration of MPFL. The MPFL attaches the superomedial patella to the 
medial epicondyle of the femur and is the primary soft-tissue restraint of lateral patella 
movement during the first 30° of flexion. Figure taken from (Toritsuka, Yamada, 
Nakamura, & Shino, 2014).  
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The Role of Trochlear Dysplasia in Patellar Instability 
 Dejour et al. (1994) found that there were four common factors that contribute to 
patellar instability: trochlear dysplasia, quadriceps dysplasia (defined by patellar tilt in 
extension of more than 20%), patella alta, and tibial tubercle trochlear groove (TTTG) 
distance greater than or equal to 20 millimeters. Of these, he found TD to be the most 
significant, occurring in 85% of patients with patellar instability, and defined TD as “a 
trochlea with a flat articular zone of variable length, which is situated proximally and is 
associated with a shallow groove distally” (1994). Despite the strong association of TD 
with patellofemoral instability, it is noted that the literature is lacking in TD’s etiology, 
assessment, and management (Duncan, Noehren, & Lattermann, 2012). 
 D. Dejour further classified trochlear dysplasia into 4 types, A-D (figure 3), and 
indicates that Types B and D are “high grade.” (D. Dejour & Saggin, 2010). These 
subtypes have been well defined and are noted in most clinical discussions of trochlear 
dysplasia. The radiographic characteristics of these will be discussed.  
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SPECIFIC AIMS 
 
Specific aims of this thesis include:  
1.   Evaluate the historical and current methods used to assess patellofemoral 
instability. 
2.   Comprehensive review of the literature analyzing surgical techniques used to treat 
patellofemoral instability due to trochlear dysplasia and their indications. 
3.   Analyze the evidence for trochleoplasty being considered a primary treatment 
option for trochlear dysplasia.  
4.   Propose future directions for the assessment and treatment of trochlear dysplasia.  
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PATELLOFEMORAL ASSESSMENT 
 
 There are numerous techniques used to quantify the different aspects of 
patellofemoral pathology, but there is controversy in the literature regarding the 
application of these techniques to the specific case of patellar instability. In the scope of 
patient-reported outcome (PRO) tools, three of the most prominent in the literature are 
the Kujala Anterior Knee Pain Scale, Lysholm score, and the Tegner score as a 
supplement to the Lysholm score. More recently-developed PRO tools specific to 
patellofemoral instability are the Norwish Patellar Instability Score and the Banff Patella 
Instability Instrument. Clinically significant radiographic measurements of interest 
include the characteristics identified by Dejour, TTTG distance, and sulcus angle.  
 
Patient-Reported Outcome Tools 
Kujala Scale 
  The Kujala scale (Figure 3) is a 13-item questionnaire completed by the patient. It 
was developed and published in 1993 to evaluate subjective symptoms and functional 
limitations in patellofemoral pathology (Kujala et al., 1993). It has since become the 
standard in assessing patient status for patellar instability pre- and post-intervention 
(Hiemstra, Kerslake, Lafave, & Mohtadi, 2016). However, this score has recently fallen 
under criticism because it may not completely capture the complex nature of patellar 
instability (Zimmerer, Sobau, & Balcarek, 2018). Hiemstra et al. note that since its 
original publication in 1993, it has experienced limited additional development beyond 
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the initial research (2016). It is also importantly noted that despite the literature’s 
extensive use of the Kujala score as a primary patellar instability outcome assessment, 
only 1 of the 13 questions specifically asks the patient about instability symptoms 
(Hiemstra et al., 2016). The Kujala score is focused primarily on 
 
 
 
Figure 3. Kujala Anterior Knee Pain Scale. For each item, the patient selects the letter 
that most accurately reflects the current symptoms of his or her knee. The corresponding 
numbers of each response are added and a score ranging from 0-100 is produced. A lower 
score represents greater disability. Figure adapted from (Kujala et al., 1993).  
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patellofemoral pain than instability, so it is both interesting and questionable that it has 
been used so extensively to assess patients with recurrent LPD (Balcarek et al., 2017).   
 
Lysholm and Tegner Scale 
  The Lysholm scale (Figure 4) was developed in 1982 to specifically emphasize 
the evaluation of knee instability symptoms, and defines instability as “giving way” 
during an activity (Lysholm & Gillquist, 1982). Though commonly applied to studies of 
patellofemoral treatment outcomes, it was originally designed to measure knee stability 
status in patients following knee ligament (notably anterior cruciate ligament) surgery 
(Lysholm & Gillquist, 1982). In 1985, the Lysholm scale was slightly revised to add an 
item on knee locking while modifying several other items (Tegner & Lysholm, 1985). 
Additionally, the Tegner scale was developed to complement the Lysholm score on the 
basis that limitations in functional scores may be masked by a decrease in activity level 
(Tegner & Lysholm, 1985). In 2009, Briggs et al. determined that the average Lysholm 
and Tegner scores in patients with healthy knees are 94 and 5.7, respectively (2009). 
Collins et al. note that content validity of the Lyscholm scale cannot be assumed since the 
items were surgeon-derived, and that there is an increased potential for interviewer bias 
since it was developed as a clinician-administered tool (2011).  
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Figure 4. Revised Lysholm Scale. With administration by a clinician, the patient selects 
the best statement in each category that describes his or her knee. The corresponding 
points are summed, and a score of 0-100 is produced with low scores representing greater 
disability. Figure adapted from (Tegner & Lysholm, 1985). 
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Figure 5. Tegner Activity Scale. The patient selects which level of activity best 
describes his or her function and sporting participation. The choice is scored from 0 to 10 
with lower scores representing lower activity level. Figure adapted from (Tegner & 
Lysholm, 1985). 
 
 
 
Norwich Patellar Instability Score 
 The Norwich Patellar Instability (NPI) score is a 19-item patient-completed 
questionnaire (See Appendix A). It was published in 2014 and was the first PRO 
designed to specifically assess symptoms patient-perceived patellar instability (Toby O. 
Smith et al., 2014). It was initially shown to be statistically correlated with the Kujala and 
Lysholm scores (Toby O. Smith et al., 2014). Smith et al. later showed that the NPI score 
can be considered valid and responsive in the assessment of patellar instability in patients 
treated conservatively for first-time patellar dislocation (2016). 
 
 
 
	  11 
Banff Patella Instability Instrument  
 The Banff Patella Instability Instrument (BPII) is a 32-item questionnaire 
designed to fill the void in the literature for PRO tools specific to patellofemoral 
instability, and is focused on quality of life measures (Hiemstra et al., 2013). In 2016, it 
underwent an item reduction and factor analysis resulting in the BPII 2.0, which has been 
shown to be reliable and responsive to change for pre- and post-surgical patients 
(Hiemstra et al., 2019). Furthermore, it has been validated and shown to have a 
moderately strong correlation to the Kujala and NPI scores (Hiemstra et al., 2016). 
 
Radiographic Patellofemoral Assessments  
Trochlear Groove Imaging  
 H. Dejour et al. originally described the radiographic findings on a lateral 
radiograph consistent with trochlear dysplasia: the crossing sign, the trochlear bump, and 
trochlear depth (1994). On a lateral view of a healthy knee, a radiodense line posterior to 
the anterior borders of the femoral condyles represents the deepest aspect of the trochlear 
groove and never crosses the condylar border (Batailler & Neyret, 2018). The crossing 
sign is observed when this line crosses that of the femoral condyles, and represents the 
location where the deepest point of the trochlear groove is flat and reaches the same 
height as that of the femoral condyles (D. Dejour & Saggin, 2010). The trochlear bump is 
a quantitative characteristic and can be measured as the distance between the trochlear 
floor and a line tangential to the anterior femoral cortex; values greater than or equal to 3 
mm are considered pathologic (H. Dejour et al., 1994). The trochlear depth is another 
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reproducible, quantitative measurement obtained by: taking a tangent to the posterior 
femoral cortex, drawing a perpendicular line at the most proximal aspect of the posterior 
condyle, subtending another line 15° from the perpendicular line, and measuring the 
distance along this line between the trochlear floor and the condylar border (H. Dejour et 
al., 1994). This measurement is a useful diagnostic for trochlear dysplasia and has clinical 
significance in the prediction of future patellar dislocations (Batailler & Neyret, 2018).  
 D. Dejour and Saggin added two other features typically seen in lateral 
radiographs of dysplastic trochleae: the supratrochlear spur and double-contour sign 
(2010). The supratrochlear spur is seen in in high-grade trochlear dysplasia and 
represents a global prominence of the trochlea, pushing the patella off the lateral facet 
when the knee flexes (Batailler & Neyret, 2018). The double-contour sign is seen as a 
radiodense line posterior to the lateral facet and represents the condylar outline of a 
hypoplastic medial facet (D. Dejour & Saggin, 2010). Table 1 summarizes the 
radiographic and corresponding anatomical features of the Dejour’s four TD subtypes.  
In 2012, Lippacher et al. compared Dejour’s 4-grade classification of TD to MRI 
assessment and showed that it is valid for typing TD and is particularly useful in 
separating high grade (B, C, D) from low grade (A) dysplasias (2012).  
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Table 1. Dejour’s Trochlear Dysplasia Sub-classification. Radiograph findings 
produced on true lateral view. Adapted from (D. Dejour & Saggin, 2010).  
 
TD Type: Radiographic findings:  Anatomical Features 
Type A Crossing sign Shallow trochlear groove, still 
symmetrical and concave 
Type B Crossing sign, supratrochlear spur  Flat or convex trochlea, 
supratrochlear spur 
Type C Crossing sign, double-contour sign  Convex lateral facet, hypoplastic 
medial facet  
Type D Crossing sign, supratrochlear spur, 
double-contour sign,  
Asymmetrical facet height (“cliff 
pattern”), supratrochlear spur, 
hypoplastic medial facet 
 
 
 
Figure 6: Dejour Classification of Trochlear Dysplasia Subtypes. Different trochlear 
dysplasia classifications and corresponding radiographic findings according to D. Dejour. 
Figure taken from (Reddy & Reddy, 2012). 
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Sulcus Angle 
The sulcus angle is a reproducible measurement of trochlear depth on a skyline 
radiograph, and defined as the angle formed by lines joining the highest points of the 
medial and lateral condyles of the femur and the lowest point of the intercondylar sulcus 
(Davies, Costa, Donnell, Glasgow, & Shepstone, 2000). Normal values for the sulcus 
angle vary within the range of 138 ± 6° (Tecklenburg et al., 2006). It has become 
commonly accepted that in a skyline radiograph, trochlear dysplasia can be visualized as 
a shallow trochlea with a sulcus angle over 144° (Tecklenburg et al., 2006). 
 
 
Figure 7: Sulcus Angle on Skyline Knee Radiograph. The sulcus angle is formed by 
the lines joining the highest points of the medial and lateral condyles and the lowest point 
of the intercondylar sulcus. Figure taken from (Davies et al., 2000) 
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Tibial Tuberosity-Trochlear Groove Distance 
 The tibial tuberosity-trochlear groove distance (TTTG) is the distance between the 
deepest aspect of the trochlear groove and the center of the tibial tuberosity when axial 
sections of each are superimposed, and values of greater than 20 mm were found to be 
pathological due to the excessive lateral forces placed on the patella during flexion (H. 
Dejour et al., 1994). There is some controversy regarding normal values and the best 
method for obtaining measurements, but Pandit et al. used MRI imaging with clearly-
defined landmarks to determine the normal TTTG distance to be 10 ± 1 mm, compared to 
H. Dejour’s (1994) normal value of 12.7 ± 3.4 mm (Pandit, Frampton, Stoddart, & 
Lynskey, 2011).  
 
 
Figure 8: Tibial Tuberosity Trochlear Grove Distance. The TTTG measurement is 
taken by measuring the distance between the deepest aspect of the trochlea (A/blue line) 
and the center of tibial tuberocity (B/white line) when axial images of each are 
superimposed. Figure taken from (Weber et al., 2016)
	  16 
SURGICAL TREATMENT OF PATELLAR INSTABILITY 
 
Various surgical procedures have been used to treat patellofemoral instability. 
Since patellofemoral pathology is so multifactorial, in 1987, H. Dejour proposed the “a la 
carte” approach to treating patellar instability where each individual etiological 
anatomical abnormality is identified and treated concomitantly (D. H. Dejour, 2013). 
This understanding of patellofemoral instability has persisted, and oftentimes multiple 
procedures are performed simultaneously to address the various abnormalities that 
contribute to the pathological patellofemoral joint. In the specific case of patellar 
instability where trochlear dysplasia is a significant factor, three main procedures have 
been applied: medial patellofemoral ligament reconstruction (MPFLR), tibial tubercle 
osteotomy (TTO), and trochleoplasty (TP). Additional attention will be paid to TP and its 
variations.  
 
Medial Patellofemoral Ligament Reconstruction  
 The Medial Patellofemoral Ligament (MPFL) is the primary soft tissue stabilizing 
structure of the patellofemoral joint, providing 50-60% of the passive medial resistance 
against lateral patellar displacement during knee flexion (Desio, Burks, & Bachus, 1998). 
In patients suffering acute patellar dislocation, 94% are found to have ruptured the MPFL 
and conservative treatment results in recurrent patellar dislocation of the torn and/or 
attenuated MPFL in 44% of patients (Fithian et al., 2004). It follows that MPFLR is a 
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suitable and well-established procedure to treat recurrent patellar dislocation, and is often 
performed in conjunction with bony procedures (Kang, Zheng, Dai, Lu, & Wang, 2019).  
 Multiple variations of the MPFLR have been described. The first successful 
MPFLRs described in the 1990s used a “single-bundle” tendon graft to connect the 
patella and the medial femoral epicondyle (Kang et al., 2019). However, this 
reconstruction was shown to not reflect the true anatomy of the MPFL since the patellar 
insertion is substantially wider than the femoral one (Amis, Firer, Mountney, 
Senavongse, & Thomas, 2003). The “double-bundle” MPFLR was later proposed after 
anatomical and biomechanical considerations, which involves two insertions of the donor 
graft spaced at a wider distance on the patella (Schöttle, Hensler, & Imhoff, 2010). This 
technique has been shown to have greater biomechanical function in cadaveric studies, 
but further research is needed to define the technique and graft selection associated with 
the best clinical outcomes (Kang et al., 2019).  
 
Tibial Tubercle Osteotomy  
 A tibial tubercle osteotomy (TTO) can refer to any procedure where the tibial 
tubercle is transferred and secured to a new position with the patellar tendon still 
attached. Multiple variations of the procedure have been described, but they are similar in 
that they redirect or redistribute the force placed on the patella during knee flexion (Hall 
& Mandalia, 2016). As mentioned before, H. Dejour found that a lateralized tibial 
tubercle with a TTTG of greater than 20mm was considered pathological (1994). Not 
only does this place excessive lateral pressure on the patella promoting dislocation, it can 
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overload the lateral facet of the trochlear and accelerate cartilage degeneration of both the 
facet and the lateral patella (Grawe & Stein, 2015). Medialization of the tibial tubercle 
can decrease the TTTG, allowing the patella to better track in the center of the trochlea 
and decreasing lateral contact pressure (Hall & Mandalia, 2016). 
 Patella alta can also result in instability, where a high-riding patella fails to 
engage with the trochlea during progressive knee flexion (Hall & Mandalia, 2016). 
Distalization of the tibial tubercle has been shown to improve patellofemoral scores in 
patella alta patients with patellofemoral pain but no history of subluxation (AL-Sayyad & 
Cameron, 2002).  
 The Fulkerson osteotomy, or Anteromedial tibial tubercle transfer, was introduced 
in 1983 as an alternative to a solitary medialization of the tibial tubercle by combining 
the medialization with an anteriorization (Fulkerson, 2014). Anteriorization of the tibial 
tubercle increases the lever arm of the patella tendon, resulting in significant decreases in 
patellofemoral contact pressures (Hall & Mandalia, 2016). When lateral malalignment 
and/or trochlear dysplasia is a factor of patellofemoral cartilage damage due to high 
contact pressures, the Fulkerson osteotomy has been shown to have favorable outcomes 
even in cases of high-grade trochlear dysplasia (Chen et al., 2017).  
 
Trochleoplasty  
 Trochleoplasty (TP) is a bony procedure that involves altering of the shape of the 
dysplastic trochlear groove (usually deepening). The origins of procedure date back to 
1890, when Dr. Bilton Pollard, an English surgeon, identified that an “ill-shaped or ill-
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developed” distal femur was the main cause of irreducible patellar dislocation and 
proposed an open procedure to correct the deformity  (Ntagiopoulos & Dejour, 2014). 
Modern trochleoplasty techniques have emerged in the past couple of decades with three 
well-defined variations being the most practiced: the Lyon sulcus-deepening TP, the 
Bereiter procedure, and the recession wedge trochleoplasty.  
 
The Lyon sulcus-deepening Trochleoplasty 
 The sulcus-deepening trochleoplasty was first published by Masse in 1978, 
modified by H. Dejour in 1987, then further modified further in 2010 by D. Dejour to 
more specifically return the trochlea to its normal anatomy (Ntagiopoulos & Dejour, 
2014). The latter procedure was developed after the detailed consideration and 
classification of the various TD morphologies, types A-D (D. Dejour & Saggin, 2010). 
The steps of the procedure are briefly summarized in Table 2 below:  
 
Table 2. Fundamental steps of the sulcus-deepening Trochleoplasty. Adapted and 
condensed from (D. Dejour & Ntagiopoulos, 2014).  
 
1. Removal of cancellous bone in position of desired groove using a high-speed burr, 
preserving chondral surface and subchondral bone 
2.  Incision of osteochondral flap at midpoint of new groove 
3.  Molding and fixation of osteochondral flaps to each side of newly formed trochlear 
groove 
4.  Additional soft-tissue or TTO procedures as deemed necessary 
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 The anatomical advantages of the sulcus deepening TP include removal of the 
supratrochlear spur in high-grade TD, increase in the sulcus angle to allow correct 
engagement with the patella, and the potential for lateralization of the groove based on 
preoperative the preoperative TTTG value (D. Dejour & Saggin, 2010). Dejour and 
Saggin made several additional notes about this procedure: TD types B and D are most 
suitable for sulcus-deepening TP, lateral facet elevating TP would be appropriate for type 
C despite consensus on inclusion criteria, type A doesn’t merit any procedure, and an 
MPFLR should always be performed in conjunction with TP (D. Dejour & Saggin, 2010).  
 
Bereiter Procedure  
 This approach to TP is similar to the Lyon procedure in its goal of restoring 
normal anatomy to the trochlea and was first published by Bereiter in 1994 (D. Dejour & 
Ntagiopoulos, 2014). The primary difference is that the surgeon first elevates a thin, 3-5 
mm osteochondral flap (the Bereiter TP is also known as the “thin flap” TP) from the 
whole of the trochlea before removing the underlying cancellous bone in the shape of the 
new trochlear groove and reattaching the flap (Nolan, Schottel, & Endres, 2018). It has 
been noted that this technique can confer the distinct advantage of a fully congruous and 
smooth chondral surface without the central defect resulting from the Lyon procedure 
(Metcalfe, Clark, Kemp, & Eldridge, 2017). See Appendix C for a series of intra-
operative images detailing the steps of a Bereiter TP technique in a female patient with 
type C TD. Images were provided by and used with permission of Dr. Warren Kramer III.  
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Goutallier “Recession-wedge” Trochleoplasty 
 In 2002, French surgeon Goutallier proposed a new variation of TP to specifically 
address the prominent anterior trochlear bump commonly seen in TD (Beaufils et al., 
2012). Here, a wedge of bone posterior to the trochlear bump is removed and the bump is 
reduced and secured to a level in line with the anterior femoral cortex, without deepening 
the trochlear groove itself (Nolan et al., 2018). Though this technique does not affect the 
geometry of the trochlear groove itself, it reduces the patellofemoral is technically less 
demanding and has shown good clinical outcomes in patients with severe TD (Thaunat, 
Bessiere, Pujol, Boisrenoult, & Beaufils, 2011).  
 
 
Figure 9: Graphical Representation of Three Different Trochleoplasty Techniques. 
Lyon sulcus-deepening TP (a), Bereiter TP (b), Goutallier “Recession-wedge” TP (c). 
Figure taken from (Longo et al., 2017).
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DISCUSSION 
 
 While many surgeons indicate adherence to the “a la carte” surgical approach of 
Dejour in treating patellofemoral instability, there is little consensus in the literature 
regarding standardization of both the treatment algorithm and patient outcome reporting 
for patients with trochlear dysplasia.  
 
Insufficient and Inconsistent Outcome Measures  
Patient Reported Outcomes  
The literature is quite inconsistent in outcome measures for TP and other 
treatments for patellar instability, which presents a problem for clinicians attempting to 
choose the best evidence-based surgical treatment. In 2008, TO Smith et al. evaluated the 
clinical tests and outcome measures used in the assessment of patellar instability, 
including the Kujala, Lysholm, and Tegner scores, and came to the conclusion that there 
is insufficient evidence to support the use of clinical application of these tests in patients 
with patellar instability (2008). 	  
Longo et al. observed that the variety of PROs and sparsity of radiographic 
measurements reported in studies of various TP techniques make comparison very 
difficult (Longo et al., 2017). A recent meta-analysis comparing outcomes of TP plus 
individual extensor apparatus balancing to MPFLR in patients with severe TD found the 
Kujala score to be the most commonly used PRO and selected its use as an inclusion 
criteria for analysis, but also noted a sporadic use of radiographic data (Balcarek et al., 
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2017). They found significant but equivalent improvement in Kujala scores, but notes 
that this score may not be the best assessment of instability for reasons discussed 
previously (2017). This study also found that, despite the equivalent Kujala score 
improvements between the groups, the likelihood of preventing post-operative patella 
redislocation or subluxation was greater in patients who received TP plus extensor 
balancing. This presents an interesting discrepancy, and the authors predict that the 
implementation of disease-specific PRO like the NPI and/or BPII may result in a 
detectable clinical difference in patients receiving MPFLR or TP plus extensor balancing 
(2017).  
Hiemstra et al. also indicated this issue in a 2016 study evaluating isolated 
MPFLR in patients with severe TD, stating that clinical outcomes in patients with TD are 
variable due to the primary outcome measure (i.e. Kujala, Lysholm, Tegner) not being 
sufficiently robust or sensitive to detecting a clinically important change (2016). This 
study was the first to implement the BPII as a primary outcome measure in a TD patient 
population, and demonstrated that grade of TD correlates with quality-of-life outcomes 
(2016). This study presents an appropriate model of patellofemoral surgery assessment, 
and considering that the BPII has been validated with the NPI and Kujala scores, future 
studies should include the BPII and/or NPI in their outcome assessment (2016). Hiemstra 
et al. further demonstrated the usefulness of the BPII and NPI in a very recent study 
where the BPII and NPI were critically reviewed along other PROs for patellofemoral 
instability and found to be valid and reliable through the spectrum of the patients with 
patellofemoral instability (2019). 
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Objective Radiographic Measurements 
 It is interesting to note that the literature is also inconsistent with its inclusion of 
radiographic data in studies of patellofemoral instability, and especially when TD is a 
factor. This could be due to the complex geometry innate to the patellofemoral joint, 
further distorted by dysplasias that have only come to be more specifically defined in the 
past decade. In Balcarek et al.’s meta-analysis comparing TP plus extensor balancing to 
MPFLR mentioned above, the sparsity and inconsistency of radiographic data in the 
literature and the need for defining more objective criteria for treatment are noted (2017). 
They indicate the benefit of defining upper thresholds of imaging parameters to identify 
cases where an isolated MPFLR is an adequate procedure, noting that severity of TD is 
currently the most relevant parameter (2017). 
 One example of a radiographic outcome measurement that could be included in an 
objective assessment of patellofemoral pathology is the sulcus angle. In 2016, Fitzpatrick 
et al. completed a computational analysis of four objective measurements that impact 
patellar instability (sulcus angle, patella alta, TTTG distance, and femoral anteversion) 
and found that the sulcus angle to have the greatest effect in patellar restraint to 
subluxation (2016). It is noted that, with proper patient positioning into a true skyline 
view, the sulcus angle is relatively reproducible and easy to obtain (Davies et al., 2000). 
This, taken with the fact that an abnormal sulcus angle is likely to indicate other features 
of dysplasia, demonstrates the potential benefit of the sulcus angle as a ‘screen’ of 
suspected TD in clinical settings of patellar instability (Davies et al., 2000). The sulcus 
angle should also be indicated as a standard pre- and post-operative measurement in 
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studies involving TP since the geometry of the groove is directly manipulated, and it is 
interesting that not all clinicians include this in their studies.  
 An issue with radiographic assessments lies in the landmarks used to obtain them 
and patient positioning during imaging. Camathias et al. note that flexion, extension, and 
rotation can change values of the sulcus angle and TTTG and that reference points in 
dysplastic knees are not well defined (2016). More work needs to be done to standardize 
these potential discrepancies if these measurements are going to be relied on in a clinical 
setting.   
 
Trochleoplasty and its Outcomes 
Much research has been directed towards TP in recent years. It is commonly 
noted in that, despite TD being the most recognized factor in patellofemoral dislocation, 
only a relatively small number of surgeons are trained in TP compared to other 
procedures and TD is also often overlooked as the key aetiological factor of instability 
(D. Dejour & Ntagiopoulos, 2014). There is also ample evidence that leaving a dysplastic 
trochlea surface untreated leads to unfavorable results (Ntagiopoulos & Dejour, 2014). 
TP is widely regarded as a technically demanding procedure, and that combined with a 
lack of agreement on its indication is probably why TP is not systematically performed 
by all knee surgeons (Song et al., 2014).  
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Biomechanical Studies 
Biomechanical experiments on TD and TP have added objective evidence for the 
consideration of TP in treating TD. In 2008, Amis et al. conducted an experiment which 
involved measuring the patellar dislocation force and kinematic tracking in normal 
cadaveric knees, performing the same measurements in the knees after they had been 
surgically modified to simulate TD, then again after TP was performed on the TD-
simulated knees (2008). The data showed that TP increased lateral patella stability to a 
level not statistically different from that of a normal knee, providing the first objective 
evidence for TP with the usual limitations of an in vitro study. Another similar cadaveric 
study was performed in 2015 demonstrating that TD adversely affects patellofemoral 
kinematics and that the presence of a trochlear bump is the most important provocative 
factor for these deviations (Van Haver et al., 2015). These types of studies definitively 
demonstrate the underlying theory of TP, but do not fully capture its benefits in clinical 
application.  
 
Clinical Outcomes 
 Aside from the previously mentioned issues with PROs used to assess TD, 
accurately describing the effectiveness of TD compared to other procedures is difficult. 
TP is rarely performed as a sole procedure and other abnormalities are routinely corrected 
in the same surgical procedure (Beaufils et al., 2012). In fact many clinicians indicate 
that, at minimum, an MPFLR should be performed with every TP (Ntagiopoulos & 
Dejour, 2014). It’s also apparent in that literature that many comparative and meta-
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analysis studies of TP are retrospective in nature, providing a lower level of evidence for 
conclusions.  
One recent study observed good clinical outcomes in patients with recurrent 
patellar dislocation and severe TD who underwent TP as a solitary procedure (Camathias 
et al., 2016). This study described a slight modification of the sulcus-deepening TP in 
which the lateral condyle was also elevated, but nonetheless gives evidence that directly 
treating the root cause of patellar instability in the patient with TD may be the best 
approach. Ntagiopoulos et al. described positive results in a 7-year (mean) follow-up for 
patients with high grade (Dejour type B and D) TD who underwent TP as a primary 
surgical treatment, however these patients also underwent additional soft tissue 
procedures concomitantly (2013). It was noted that a true comparative study would be 
necessary to fully assess the impact of TP on clinical outcomes, which is difficult because 
an MPFLR almost always accompanies a TP. McNamara et al. reported a similar positive 
outcome for TP in a mean 6-years follow up case series (2015). Of particular interest is a 
study involving a group of patients with TD who had previously undergone at least one 
failed non-TP procedure to treat patellar instability. These patients received a sulcus-
deepening TP as a revision surgery and 65% reported that there were satisfied or very 
satisfied with the results (D. Dejour & Saggin, 2010). Burrus et al. also observed 
equivalent outcomes in two cohorts of patients with TD: one receiving TP as an initial 
procedure and the other receiving TP as a revision procedure (2017) These studies 
highlight the clinical potential of TP as a primary treatment for patients with TD.  
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Indications for Trochleoplasty 
 Hiemstra et al. made the observation that a redefinition of the classification 
system for TD may assist researchers in categorizing the pathology in a more 
standardized way, easing the comparison of clinical outcomes (2018). Dejour’s 
classification system is commonly used and is currently the most sophisticated, but it is 
not consistently reported in the literature. Some studies indicate types B, C, and D as 
“high grade” with A as “low grade, while others report the height of the trochlear bump 
and/or the trochlear depth (Hiemstra et al., 2018). On the contrary, Hopper et al. defined 
“mild” TD as a Dejour type A or B and “severe” TD as Dejour type C or D (2014). 
Discrepancies such as this are significant and greatly confound clinical comparison and 
decision-making; they should be addressed.   
Indications for TP patient selection is usually based on the classification of Dejour 
subtype. Fucentese et al. found that patients with a Dejour type B or D dysplasia with a 
supratrochlear spur achieved the best clinical results after TP, recommending that type A 
and C undergo a different procedure such as MPFLR and/or TTO (2011). However, the 
number of patients with type C dysplasia in this study was relatively small, and the 
surgical recommendation for patients with a type C dysplasia is still not clearly defined 
(Weber et al., 2016). It is accepted by most that type A dysplasia does not warrant a TP 
and should be treated with a different procedure and that TD types B and D should be 
treated with TP and other soft-tissue procedures (Nolan et al., 2018).  
With the multiple variations of TP that have been described, it would be helpful 
for a consensus to be reached on the selection of the best technique, which could perhaps 
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be based on the patient’s anatomy. Longo et al. recently completed a systematic review 
three main TP procedures and found the following: no one technique showed a 
significant superiority; the Bereiter TP was the most commonly used technique and 
provided lowest rate of patellar dislocation recurrence and post-operative range of 
motion; the Lyon sulcus-deepening TP resulted in the highest post-operative Kujala 
score; the Goutallier TP provided a low number of patients in the analysis, but a 
relatively high rate of patellar redislocation (likely owing to the fact that it does not 
deepen the trochlear groove) (2017). It is noted that it was difficult to compare the 
procedures and come to conclusions based on the different scoring systems used, frequent 
combination with other soft tissue procedures, and lack of prospective studies to show a 
temporal relationship between the techniques and outcomes.  
 
Cartilage/Growth Considerations 
 One concern many clinicians share in selection of patients for TP is the potential 
impact on open physes in younger patients and patellofemoral cartilage health. It has 
been proposed that patients with open physes and/or patellofemoral arthritis are 
contraindicated for TP (D. Dejour & Ntagiopoulos, 2014). Fear of such complications 
could be a contributing factor to the generally low adoption of TP by clinicians. 
However, recent work has challenged this predisposition. Balcarek et al. take note that 
the existing literature is inconclusive regarding any link between TP and patellofemoral 
arthritis (2017). Even more striking, Nelitz et al. demonstrated no growth disturbance in 
adolescent patients with open physes who underwent TP, and concluded that it can be 
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safely performed up to 2 years before the projected end of growth (2018). This should 
provide clinicians with confidence in deciding to perform TP in younger patient 
populations since the instability symptoms of TD usually become apparent early on 
(Fithian et al., 2004).   
 
Comparison of TP to non-TP Techniques and Combination Procedures  
Medio Patellofemoral Ligament Reconstruction 
MPFLR is commonly performed with TP as well as in isolation, but recently its 
relationship to severe TD been re-evaluated. In 2006, Steiner et al. reported that isolated 
MPFLR in patients with untreated TD was sufficient and able to achieve similar clinical 
outcomes when compared to MPFLR patients without TD (Steiner, Torga-Spak, & 
Teitge, 2006). That opinion has drastically shifted in recent years, perhaps owing to the 
improvement in TP techniques and better understanding of patellofemoral biomechanics. 
Hiemstra et al. demonstrated that the presence of severe TD significantly and negatively 
affected the outcome of isolated MPFLR (2016). Multiple other studies in recent years 
have concluded that isolated MPFLR does not result in adequate clinical outcomes in 
patients with severe TD (Hopper et al., 2014; Kita et al., 2015; Wagner et al., 2013). A 
systematic review and meta-analysis of MPFLR compared to TP plus extensor balancing 
in patients with severe TD showed that despite a similar Kujala score, patients who 
underwent TP had a lower likelihood of experiencing a post-operation patella 
redislocation/subluxation (Balcarek et al., 2017). The evidence is mounting that an 
isolated MPFLR should be categorically avoided in the treatment algorithm of severe TD.  
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Tibial Tubercle Osteotomy  
 The TTTG distance is a patellofemoral parameter with proven clinical 
implications, and the TTO is a useful procedure in it of itself or in conjunction with 
others to stabilize patellofemoral mechanics. However, it could be avoided in some 
instances. Ntagiopoulos et al. note that the sulcus-deepening TP can innately result in a 
significant decrease in the TTTG distance (5 mm on average) and lateral tilt of the 
patella, eliminating the necessity of a medializing TTO in certain cases (2013). With this 
in mind, it makes sense that Laidlaw et al. indicated that a minimally elevated TTTG of 
18-22 mm can be normalized in a combined MPFLR and sulcus-deepening TP, where a 
value of > 23 mm should be addressed with an additional medializing TTO (2018). It is 
also noted that a TTTG of > 20 mm should be treated with a medializing TTO combined 
with MPFLR in cases where TP is not indicated, as in type A or C dysplasias (Laidlaw et 
al., 2018).  
 A very recent prospective, comparative study evaluated the outcomes of patients 
with a TTTG distance of 17-20 mm and recurrently patellar instability receiving MPFLR 
with or without Anteromedial TTO (Franciozi et al., 2019). Though the study did not 
include patients with severe TD, it was found that the combined TTO+MPFLR 
significantly improved functional outcome scores and patellar kinematics compared to 
isolated MPFLR. This was the first prospective, comparative study of its type and gave 
strong evidence for the inclusion of a TTO in a specific patient population. If such a 
design were implemented to prospectively evaluate the inclusion of TP in a TD patient 
population, tested against either MPFLR and/or TTO combination procedures, perhaps a 
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consensus on TP application could be approached. This has been indicated by at least 
several researchers (Hiemstra, et al., 2016; Song et al., 2014; Testa et al., 2017).  
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CONCLUSION/FUTURE DIRECTIONS 
 
 Trochlear dysplasia is a challenging orthopedic condition to treat. It has clearly 
been established as a significant factor contributing to patellofemoral instability, but 
perhaps a paradigm shift could benefit patients. It seems in the literature that trochlear 
dysplasia is often described as one of multiple factors in the diagnosis of patellofemoral 
instability, and one that is often overlooked in clinical practice. If more emphasis were 
placed on trochlear dysplasia being defined as a primary diagnosis that produces the 
symptoms of patellar instability, patients in this unique population may start receiving 
more attention in the treatment of their underlying condition. Medio patellofemoral 
ligament reconstruction and tibial tubercle osteotomy are established procedures that may 
be useful in treating the symptoms of patellofemoral instability, but the literature has 
shown that problems will likely persist if the actual geometry of a dysplastic trochlea is 
not identified and addressed with trochleoplasty. Fortunately, research is moving in this 
direction.  
 One potential reason that the progression of trochlear dysplasia treatment is 
hindered lies in the inconsistent and insufficient subjective evaluation of patellofemoral 
instability. As discussed, many of the patient-reported outcome measures commonly 
implemented in patellofemoral instability studies are simply outdated and not able to 
complex nature of the condition. Furthermore, these patient-reported outcome measures 
are inconsistently applied to studies at the discretion of the researchers, making 
comparison of treatments rather difficult. The recent development of the Norwich Patellar 
Instability score and Banff Patellar Instability Instrument demonstrates attention to the 
	  34 
disease-specific symptoms and quality-of-life measures in patients with patellofemoral 
instability. They have been validated alongside the more established but less disease-
specific patient-reported outcome measures, so future studies should consistently 
implement them to accurately assess subjective patient status and outcomes.  
 In the specific case of trochlear dysplasia, specific objective criteria for diagnosis 
and treatment planning need to be clearly defined. Multiple radiographic characteristics 
and measurements have been identified and proposed in the clinical decision-making 
process, but a consensus needs to be reached on which measurement threshold values are 
clinically relevant and warrant a particular surgical intervention. In fact, it could be 
argued that patients with trochlear dysplasia should be specifically evaluated with 
subjective and objective assessments combined into a single clinical metric to guide 
treatment. Further research would need to be performed to determine the which 
parameters should be included in such a novel assessment technique, but this would help 
standardize the management of trochlear dysplasia.  
 Currently, the awareness of trochleoplasty and trochlear dysplasia’s impact on 
patellofemoral instability is limited, perhaps due to the low number of patients with the 
condition. However, there is evidence that trochleoplasty should be considered a first-line 
treatment option in patients with patellofemoral instability due to trochlear dysplasia. 
Trochlear dysplasia is a unique diagnosis and a disease-specific treatment is justified. 
There is a need for comparative, prospective studies with disease-specific outcome 
assessments, and it will be interesting to see what the next several years bring to this 
field. The techniques and indications of the various trochleoplasty techniques should also 
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be assessed and standardized to allow more surgeons to incorporate the procedure into 
their common practice. As techniques improve, trochleoplasty could even be more 
systematically extended to patients with symptomatic trochlear dysplasia in whom 
trochleoplasty was previously contraindicated (i.e. type A/C dysplasias). For now, 
patients with patellofemoral instability should be systematically screened for evidence of 
trochlear dysplasia and referred to a surgeon with ample experience managing it if 
necessary. Further research, education, and awareness will lead to more surgeons being 
equipped with the skills to treat trochlear dysplasia, and more patients with this unique 
condition will have the chance to receive appropriate treatment and improve their quality 
of life.   
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APPENDIX A 
Norwich Patellar Instability Score Form 
Below is the Norwich Patellar Instability Score form, taken from (TO Smith et al., 2014).	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APPENDIX B 
Banff Patellofemoral Instability Instrument 2.0 Form 
 
Below is the BPII 2.0 form, taken from (Hiemstra et al., 2019). 
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APPENDIX C 
Bereiter Trochleoplasty Images 
The following images walk through a Bereiter “thin flap” trochleoplasty on a 16-year-old 
female patient with patellofemoral instability/pain (4 years) and Dejour type C trochlear 
dysplasia. All images were provided by the performing surgeon, Dr. Warren Kramer III, 
and used with permission.  	  
	  
Figure C1: Pre-Trochleoplasty Images. Left: axial image of knee showing lateral facet 
convexity and medial facet hypoplasia, indicative of a type C trochlear dysplasia. Right: 
intra-operative image of exposed dysplastic trochlea prior to trochleoplasty.  
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Figure C2: Creating the Thin Osteochondral Flap. After exposure of trochlea, 
osteotomes with a trochleoplasty guide (3 and 5 mm offsets) are used to separate the the 
thin osteochondral layer from the underlying bone. 
 
 
 
Figure C3: Forming the Groove. The oseochondral flap is peeled back and the 
underlying bone is reshaped to form a deeper trochlea flush with the anterior femoral 
cortex.  
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Figure C4: Refining the Groove. A PowerBurr is used to refine the groove and remove 
any irregularities.  
 
 
 
 
Figure C5: Molding the Groove. A mallet handle is used to mold the osteochondral flap 
to the newly-created trochlear groove.  
	  46 
 
 
Figure C6: New Trochlea. The osteochondral flap is fixated using absorbable sutures, 
resulting in a more stable Dejour type A trochlear shape.  
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